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Application No. 60/451,795 filed on Mar. 3, 2003, entitled,
“Method and System for Application Flows and Business
Process Discovery,” which 1s hereby incorporated herein by
reference 1n its entirety.

COPYRIGHT NOTICE

A portion of the disclosure of this patent document con-
tains material which 1s subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-

tion by anyone of the patent document or the patent disclo-
sure, as 1t appears 1n the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

The 1nvention disclosed herein relates generally to com-
puter network and application monitoring. More specifically,
it relates to mapping dependencies between components 1n a
networked environment.

In networked computer environments, applications and
services are oiten comprised ol multiple components operat-
ing on multiple devices. This 1s particularly true for large
enterprises that may occupy multiple geographical locations.
For example, a customer relationship manger or CRM system
may utilize components such as a database, a web server, and
user application, each executing on a different computer or
network device. The devices may be connected through a
LAN or a WAN. An example of such a prior art networked
computer environment may be seen FIG. 1. Various business
applications 100 utilize soiftware applications 102, which 1n
turn may be distributed across various pieces ol hardware
104.

In networked environments, application components may
communicate using a variety of protocols. For example, com-
ponents may communicate through remote procedure call
(RPC), common object request broker architecture
(CORBA), remote method invocation (RMI), Internet
interoperability protocol (IOP), common gateway interface
(CGI), hypertext transfer protocol (HTTP), or many other
TCP/IP based protocols.

For a network administrator or owner ol an enterprise
computer network 1t 1s important to have an understanding of
how different entities interact within the computer network.
Utilizing such knowledge allows a network administrator to
see which components are under-utilized and which are over-
utilized. In addition 1t allows the administrator to plan for
adding additional components or removing old ones. An
administrator could view ways of optimizing the network for
performance or efficiency. Additionally, knowledge of appli-
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cation dependencies allows an administrator to anticipate
possible effects of changes in one piece of the network
towards various applications.

Understanding how entities and components within a net-
work 1interact 1s often a cumbersome job. It often involves
installing monitoring agents on multiple devices that run the

components. Understanding how entities and components
within a network 1nteract also often involves the manual task
of mspecting the configuration of each application to gather
information of utilized resources and components.

There 1s a need for systems and methods to automatically
and non-intrusively discover the dependencies between
applications on a network.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide systems
and methods for mapping dependencies between applica-
tions, components, and business processes on a computer
network.

In some embodiments, the present invention provides sys-
tems and methods for i1dentifying dependencies between
applications 1n a computer network. A packet communicated
between applications on a computer network 1s sampled. The
characteristics ol the packet are 1dentified. The characteristics
of the packet are used to 1dentity the communicating software
applications and to dynamically generate a map of dependen-
cies between software applications.

In some embodiments, the present invention provides sys-
tems and methods for i1dentifying dependencies between
applications 1 a computer network. Included are software
applications connected via a computer network. Included,
also 1s a dependency mapping module. The dependency map-
ping module 1s programmed to sample packets communi-
cated between solftware applications. Furthermore, the
dependency mapping module 1s programmed to identily
characteristics of the packets. Furthermore, the dependency
mapping module 1s programmed to use the characteristics to
identify the applications on a computer network and to
dynamically generate a map ol dependencies between the
soltware applications.

BRIEF DESCRIPTION OF THE DRAWINGS

The ivention 1s illustrated 1n the figures of the accompa-
nying drawings which are meant to be exemplary and not
limiting, 1n which like references are intended to refer to like
or corresponding parts, and 1n which:

FIG. 1 1s a conceptual block diagram of interconnections
between applications, components and hardware;

FIG. 2 1s a flow chart 1llustrating a method for creating an
application dependency map 1n accordance with an embodi-
ment of the invention;

FIG. 2A 1s a block diagram of a computer network in
accordance with an embodiment of the 1nvention;

FIG. 3 1s a block diagram of a computer network 1n accor-
dance with an embodiment of the invention;

FIG. 4 1s a block diagram of a computer network 1n accor-
dance with an embodiment of the invention;

FIG. 5 1s a block diagram of a computer network 1n accor-
dance with an embodiment of the invention;

FIG. 6 1s a block diagram of an application dependency
mapping component in accordance with an embodiment of
the invention;

FIG. 7 1s a block diagram of data identification module 1n
accordance with an embodiment of the invention:
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FIG. 8 1s a conceptual diagram of a K Nearest Neighbor
algorithm 1n accordance with an embodiment of the mven-
tion;

FI1G. 9 1s adiagram of a data structure 1n accordance with an
embodiment of the invention;

FI1G. 10 1s an architecture diagram of an application depen-
dency mapping system 1n accordance with an embodiment of
the invention; and

FIG. 11 1s a flow chart illustrating one method for 1denti-
tying a packet type in accordance with an embodiment of the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments of the present invention are now described in
detaill with reference to the drawings in the figures. As
described in more detail, the present invention provides sys-
tems and methods for automatically and non-intrusively map-
ping dependencies between application components on a
computer network or between applications on a network.

Furthermore, the present invention provides systems and
methods for identifying packets transmitted on a network in
order to associate the packets with communications between
applications and application components.

In addition, the present invention identifies business pro-
cesses and the components on which those processes depend.
For example, an enterprise accounting system may utilize
email, fileservers, databases, web servers and other software
components. One of the goals of the present invention 1s to
discover such dependencies. Other business processes may
include CRM, sales, marketing, human resources, financial or
other services provided by a business.

Mapping dependencies between applications, services,
components and business processes provides a view of shared
resources on the network. Understanding the interaction of
resources and applications 1s important for the success of
many networked enterprises, particularly those providing
web services and grid computing. Dependency mapping pro-
vides network administrators and other users with a tool to
understand how applications or other components interact.
Specifically, it provides msight into how applications share
resources, which applications read and write data to other
applications and what resources are shared among one or
more applications. For example, dependency mapping can
how application servers utilize databases, which application
servers utilize which databases and which databases are
shared among multiple application servers. By understanding
interdependencies between soltware components and appli-
cations, a network administrator or other user can understand
how, for example, resources 1 one data center interact with
other components 1n the same data center or with resources 1n
other data centers.

FIG. 2 1llustrates one method for 1dentifying dependencies
between applications. A packet 1s captured at step 251. As
discussed herein, a packet 1s captured by sampling traffic on
a network. The packet 1s 1dentified at step 252. The 1dentifi-
cation may include the communicating applications, ser-
vices, components or business processes, the type of commu-
nication, the reason for the communication, or other
identifying criteria or characteristics. In addition, the process
of identification may include one of the identification
schemes discussed herein below. In step 253 data 1s extracted
from the packet that will aid in 1dentitying dependencies. This
may include packet characteristics such as application type,
verb/action performed by the packet, user who originated or
received the packet, network device information, and other
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information. The information extracted from the packet is
used to dynamically generate a dependency map of applica-
tions, components, services, and business processes, step
254,

FIG. 2A 1illustrates an exemplary computer network.
Devices 201 attached to the network may be computers,
workstations, servers, printers, databases, handhelds or any
device capable of connecting to a communication network.
Devices 201 are linked to one another through routers 200.
The routers 200 may also be gateways, hubs, switches,
bridges or any device capable of linking elements on a com-
munication network. Devices 201 and routers 200 transmit
packets 202 on the communication network. Applications
may execute on network devices 201. Exemplary applications
are databases, email servers, application servers, web ser-
vices, and other applications as known 1n the art.

Attached to the network 1s an application dependency map-
ping component 203, an example of which 1s the nlLayers
System from nlLayers Inc. of San Jose, Calif. The application
dependency mapping component 203 may be attached to a
specific device 1n the network 201, or to a router 200, or may
be connected independently. The application dependency
mapping component 203 may execute on any network device
including workstations, servers, routers, switches, hubs or
bridges. In addition, 1n some embodiments, the components
of the application dependency mapping component 203 may
be divided among multiple networked devices. For example,
multiple application dependency mapping components 203
may exist on multiple network segments and aggregate their
results. In other embodiments, different components of the
application dependency mapping component 203 may be
distributed to different devices and communicate with each
other over the network.

The application dependency mapping component 203 dis-
covers dependencies between applications and other applica-
tions or components, or between business processes and
applications or components.

The application dependency mapping component 203 col-
lects packets on the network, non-intrusively through sam-
pling. The application dependency mapping component 203
does not require additional components to be installed on
existing system resources. For example, existing routers,
hubs, switches, and servers do not require installation of
dedicated dependency mapping components nor do they
require a change 1n how they operate. Rather, packets are
viewed by the dependency mapping component 203 through
sampling traific on the network. Traflic 1s monitored and
certain packets are collected by the dependency mapping
component 203 for further mnspection. Not collecting all
packets on the network allows for higher efficiency operation
and can provide an accurate picture of the network without
having to process all the packets on the network

In order to monaitor the traific on the network and to sample
packets on the network, the application dependency mapping
component 203 must be attached to the network 1n a location
that provides a view of all potential traific. In some embodi-
ments, 1llustrated in FI1G. 3, the application dependency map-
ping component 203 could be connected to the SPAN port on
a network switch. By doing so the application dependency
mapping component 203 can monitor all traffic that travels
through a switch to which it 1s connected.

In other embodiments, illustrated in FIGS. 4 and 5, the
application dependency mapping component 203 could
execute on a device with a promiscuous mode network inter-
face. As 1t 1s known 1n the art, a promiscuous mode network
interface 1s capable of viewing all traific on a network seg-
ment to which it 1s connected. An application dependency
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mapping component 203 executing on a device with a pro-
miscuous mode network interface would need to be attached
to a network segment that has a view of all network tratfic, or
a portion of network traffic that 1t 1s required to handle. In
some embodiments, multiple application dependency map-
ping components 203 are attached to various segments so that
cach segment can be viewed by at least one application
dependency mapping component 203. In that embodiment
the application dependency mapping components 203 would
aggregate their data. In addition, 1n some embodiments, the
application dependency mapping component 203 could
receive information from network management systems.

FIG. 6 presents a view of various components within an
application dependency mapping component 203. The appli-
cation dependency mapping component 203 collects packets
on the network using a data acquisition module 600. The data
acquisition module 600 monitors the traflic on a network and
samples packets. Packets 202 can be imspected and utilized
without having to reconstruct entire TCP sessions. This
reduces overhead and increases speed. The sampling, 1n some
embodiments, 1s random In some embodiments, auser can set
the sampling parameter (N), so that on average one out of
every N packets 1s collected or sampled. In other embodi-
ments, other algorithms may be used that sample every Nth
packet, or other sampling algorithms may be used.

As further described herein, sampled packets are 1dentified
with the data identification module 601. The data 1dentifica-
tion module 601 analyzes sampled packets and uses charac-
teristics of those packets to determine dependencies between
applications. The packets can be analyzed using various
mechanisms, described herein. If the data identification mod-
ule 601 finds no important information then the packet 1s
discarded. If the packet contains usetul information the data
storage module 602 may store the packet.

Data 1dentification module 601 i1dentifies the originating
application of the data packet and the destination application.
In addition, data i1dentification module 601 identifies what
type ol action 1s being taken between the applications. Fur-
thermore, data identification module 601 attempts to discover
which business processes utilize which services, modules,
and applications on the network. For example, data identifi-
cation module 601 could identify that an application server
depends on two fileservers, a web server, and a database.

Data 1dentification module 601 1dentifies a packet based on
data 1n the packet or types of fields 1n the packet. The 1dent-
fication could recognize certain characteristics of packets as
belonging specifically to communication from a particular
application type or brand of application, such as a database or
an Oracle database. The 1dentification may look at character-
istics of packets or packet payloads, such as headers, field
names, field values, patterns in the packet, keywords in the
packet, signatures, regular expression matching, IP
addresses, host names, data payload, or mime types.

FI1G. 7 illustrates, generally, how a data 1dentification mod-
ule 601 may operate, according to one embodiment. A TCP/
IP packet 701 enters into the module and 1s passed to classifier
702. Classifier 702 parses the packet and 1dentifies the two
applications involved in transmitting the packet and the pro-
tocol used 1n transmission 703. Application identification 1s
based on small differences 1n the characteristics of packets of
similar application types. A fingerprint that uniquely 1denti-
fies a packet as being of a certain type can be constructed from
those small differences. A fingerprint can be constructed from
characteristics of packets and packet payloads such as head-
ers, field names, field values, patterns 1n the packet, keywords
in the packet, signatures, regular expression matching, 1P
addresses, host names, data payload, or mime types. For
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example, a BEA application server communicating with an
Oracle database would have a different fingerprint from an
IBM application server communicating with an oracle data-
base. Similarly, an email server communicating with an
oracle database would have a different fingerprint from the
previous two.

In some embodiments, packet classification 1s accom-
plished through examples determined by a group of users or
administrators or by an individual. The individual may look at
common packet types and define fingerprints for specific
application types or specific application to application com-
munication. The fingerprint could, in some embodiments,
comprise a group of fields 1n a packet or patterns of data which
umquely or sufficiently define a particular type of communi-
cation. The fingerprints are then, 1n some embodiments, used
to define rules that a packet may then be compared against to
perform 1dentification.

In some embodiments, a central knowledge base contains
communication and packet fingerprints. A data identification
module 601 periodically downloads fingerprints or rules from
the knowledge base to aid 1n packet identification. Packets to
be 1dentified are examined by extracting relevant parameters
or characteristics from the packet, such as fields or data pat-
terns, and comparing the parameters or characteristics to a
fingerprint stored i1n the knowledge base. In some embodi-
ments, a rules engine 1s used to sequentially process identifi-
cation rules until one 1s triggered, causing a positive packet
identification.

In other embodiments, a packet 1s 1dentified through a K
Nearest Neighbor protocol (KNN), as 1llustrated in FIG. 8.
Standard packet types are defined using already 1dentified or
canonical packets. For, example, a canonical packet could be
a packet known to be a communication between a BEA appli-
cation server and an oracle database. The KNN algorithm
takes a given number (C) of characteristics of each canonical
packet type and extracts them. A positioning function con-
verts those characteristics into coordinates 1n a graph with C
axes. For example, a field 1n the packet header, the first byte of
the packet payload and the length of the packet may uniquely
identify each canonical packet type. In this example C would
equal 3 and each canonical packet type would be plotted on a
graph with 3 axes. Packet P entering the system 1s inspected
for the same C characteristics and plotted on the same C axes
graph of canonical packets based on the positioning function.
The distance from P to all the canonical packet types in the
graph 1s calculated. The canonical packet to which P 1s closest
will be the basis for identitying P and P will be considered to
be of the same type as its nearest neighbor canonical packet.
In other embodiments the KNN algorithm may be used with
any number of axes and various types of positioning func-
tions.

After data identification module 601 1dentifies a packet 1t
may be stored by data storage module 602. As further
described herein, the 1dentified packets are used to dynami-
cally construct dependency maps between components of
applications on the system or the business processes that
utilize various applications, components, and services. Fur-
ther identification of packets allows the system to build maps
over time regarding how components of applications are
linked together and utilized over time.

In some embodiments the information may be stored 1n
data structures that delineate certain relevant aspects of the
communication. For example, a data structure may contain
entries for:

Verb/Action—The action contained 1n a packet. This may

be “PUT” or “GET” for an HI'TP communication, or

“Read,” “Write,” or “Delete” for SQL communication.
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Error messages

Users—user Ids 1n 1n the packet.

Objects—Objects 1n the packet. For example, files, URLs,

or database tables.

Network Segments—The network segments 1n the packet.

These metrics provide mnsight mto how various compo-
nents of the network are being utilized and how applications
interact.

FIG. 9 illustrates one embodiment of the data structure
used to store relevant information extracted from packets.
The application dependency mapping component 203 devel-
ops a map of dependencies between applications using the
“verb/action” data and data relating to the network infrastruc-
ture, such as IP address or subnet information. In some
embodiments, other data extracted from packets may be used.

In some embodiments, the information 1n the data struc-
tures 1s used to build maps of dependencies between compo-
nents, applications, business processes and services on the
network. Continuously analyzing and dynamically updating,
the maps can develop a more accurate picture of component
and application interaction and dependencies. In some
embodiments, dependencies may be stored over time, show-
ing what dependencies existed at particular times 1n the net-
work. For example, a record could be kept of dependencies
tor a week showing how applications utilize other application
differently during weekdays and weekends.

In some embodiments, dependencies may be stored as an
NxNxT matrix that maps application services. In such a
matrix cell (1,;,t) would store imnvocation from application_
service(1) to application_service(]) at time t or resources
shared by application_service(1) and application_service(y) at
time t.

FIG. 10 1llustrates an exemplary architecture of an appli-
cation dependency mapping component 203. The host based
sensors and network based sensors at 1000 collect data from
hosts and from the network. The protocols at 1001 represent
different parsers to identily and collect application level
information from the collected data. The data aggregation and
canonmization at 1002 normalizes data regarding different
application types so that packets can be compared to canoni-
cal packet types. Applications portiolio discovery 1003 cre-
ates a coherent model of the data and packet types. The
modules at 1004 provide specific functionality for specific
data types. The visualization at 1005 provides a user interface
into the system. The provisioning engine at 1003 provides for
actions to execute 1f certain rules are triggered, events occur
or conditions are met. In some embodiments, different com-
binations of the various components 1 FIG. 10 may be
present or excluded. In addition, functionality may be
grouped differently in different components. In some
embodiments, components depicted in FIG. 10 may be com-
bined or separated.

FI1G. 11 1llustrates one method for packet identification and
classification. The information contained in the packet is
parsed, step 1102. The information parsed could be fields,
field types, field values, the packet payload, or any 1informa-
tion contained within the packet. In addition, this step may
include looking at characteristics of the packet beyond the
data contained within, such as length. The parsed data 1den-
tifying a packet 1s mspected, step 1103. Data necessary to
identify a packet as being of a certain type 1s analyzed. For
example, 11 1dentification 1s based on packet length, header
flags, and the first byte of the packet payload, then that data 1s
inspected an analyzed. The packet 1s 1dentified based on the
inspected data, step 1104. The identification may be accom-
plished through a set of predetermined standard packet types,
through a KNN algorithm, both as described above, or
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through another mechanism. Following the previous
example, if the 1dentification scheme 1s KNN, the three char-
acteristics extracted from the packet are used to graph the
packet along with canonical packet types on a 3 axes graph.
The packet 1s 1dentified as the type of the canonical packet
type closest to the inspected packet on the graph.

While the 1invention has been described and illustrated in
connection with preferred embodiments, many variations and
modifications as will be evident to those skilled 1n this art may
be made without departing from the spirit and scope of the
invention, and the invention 1s thus not to be limited to the
precise details of methodology or construction set forth above
as such variations and modification are intended to be
included within the scope of the invention.

I claim:
1. A method for 1identitying dependencies between appli-
cations 1n a computer network, the method comprising:
sampling at least one data packet communicated between
at least two software applications 1n a computer net-
work:

1dentifying one or more characteristics of the at least one

data packet; and

using the one or more characteristics to 1dentify one or

more ol the at least two solftware applications and
dynamically generate a map of dependencies between
the one or more soiftware applications.

2. The method of claim 1 wherein the 1dentiiying one or
more characteristics of the at least one data packet comprises
comparing the at least one data packet to at least one packet
fingerprint.

3. The method of claim 1 wherein the 1dentiiying one or
more characteristics of the at least one data packet comprises
using a K Nearest Neighbor algorithm.

4. The method of claim 1, wherein the using the one or
more characteristics to identily one or more of the at least two
soltware applications and dynamically generate a map of
dependencies between the one or more software applications
comprises maintaining one or more historical maps of depen-
dencies between the one or more software applications over
time.

5. The method of claim 1, wherein the using the one or
more characteristics to identify one or more of the at least two
software applications and dynamically generate a map of
dependencies between the one or more software applications
comprises 1dentifying an action performed by the one or more
of the at least two software applications.

6. The method of claim 1, wherein the map of dependencies
between the one or more soltware applications comprises a
map ol dependencies between one or more business pro-
cesses and the one or more software applications.

7. A system for identifying dependencies between applica-
tions 1n a computer network, the system comprising:

at least two software applications communicatively

coupled via a computer network; and

a dependency mapping module;

wherein the dependency mapping module 1s programmed

to sample one or more packets communicated between
the at least two soitware application;

wherein the dependency mapping module 1s programmed

to 1dentily one or more characteristics of the one or more
packets; and

wherein the dependency mapping module 1s programmed

to use the one or more characteristics to 1dentily one or
more ol the at least two software applications and
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dynamically generate a map of dependencies between
the one or more soitware applications.

8. The method of claim 7, wherein the dependency map-
ping module 1s programmed to 1dentily one or more charac-
teristics of the one or more packets by comparing the at least
one data packet to at least one packet fingerprint.

9. The method of claim 7, wherein the dependency map-
ping module 1s programmed to 1dentify one or more charac-
teristics of the one or more packets by using a K Nearest

Neighbor algorithm.
10. The method of claim 7, wherein the dependency map-

ping module 1s programmed to maintain one or more histori-

10

10

cal maps of dependencies between the one or more software
applications over time.

11. The method of claim 7, wherein the dependency map-
ping module 1s programmed to 1dentily an action performed
by the one or more of the at least two software applications.

12. The method of claim 7, wherein the map of dependen-
cies between the one or more software applications comprises
a map ol dependencies between one or more business pro-
cesses and the one or more software applications.
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